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WIED-OTKEL ISTvESTIGATICN Of C OreiiCL-SUPI ACE CHARACTERISTICS 
7 - THE USE OF A BEVELED THAI! Iff & EDGE TO REDUCE 
THE HI5&E MOMENT Of A C038TROL SURFACE 
By Robert T. Jones and Milton B» Ames, Jr. 



SUMMARY 



W?.nd-tunnel tests have teen made to investigate the 
possibility of reducing the hinge moments of a control 
surface by beveling the trailing edge. The tests were made 
with a 9-percent-thick airfoil having a 30-percent-chord 
plain flap. A faired beveled shape, 5 percent of the air- 
foil chord in width and having, a thickness of 2-|- percent 
.of the airfoil chord, was fou.nd to give approximately 50- 
percent reduction in the hinge moment caused by a given 
deflection of the flap and 80-percent reduction in the 
hinge moment due to the angle Of attack of this airfoil 
for a wide zango of angles, A blunter beveled portion of 
the same thickness gave overbalance and reversal of the 
floating tendency over a small angular range. Elliptical 
t rail ing-edge shapes v.*er? also tried but were found to be 
somewhat less effective than the shapes ending in an acute 
angle. A semicircular trailing edge produced only a slight 
change in the hinge moments but caused a drag increment much 
greater than that of an efficient beveled shape. 



INTRODUCTION' 



The hinge moments obtained in tests of airfoils with 
plain flaps have often been observed to fall considerably 
below the values predicted by the potential-flow theory. It 
has also been noted that the hinge moments obtained in 
different tests show wider discrepancies than do other air- 
foil characteristics. 

Several years ago the NACA had occasion to test a flap 
with a particularly thin, sharp trailing edge. In this case 
the hinge moments were higher than usual and agreed better 
with the theory. Thus, it appeared that the discrepancies 
in the hinge moments obtained in the usual tests might have 
been duo to minor differences in the shapes of the trailing 



edge, This phenomenon led to speculation concerning the 
nature of the flow near the trailing outre and tho effsct 
of small departures from the Kutta condition. 

In the ideal flow, the Kutta condition requires that 
the air leaving the trailing edge maintain the direction of 
the mean camber for a short distance devnstream, The 
velocities on the upper and lowss- surfaces approach the 
same value with the result that the pressure difference or 
lift vanishes at the trailing ed^e. The curve marked l? a" 
in figure 1 shows the lift distribution over an airfoil 
section with the flow conforming perfectly to this condition. 
The guiding action of a slightly blunt or beveled trailing 
edge will not be perfect, however-, and in such a case a re- 
latively great negative lift will te developed acres? the 
edge, as shewn by curve tt b" in figrre 1« A deliberate 
thickening of the airfoil, designed to permit further 
deviation from the Kitta condition, might therefore lead to 
the type of pressure distribtition represented by curve "b" 
in figure 1, It wes thought that ths effect might be used 
to provide aerodynamic balance for a control surface and 
in order to test this theory a series of wi.nd-tunnei exper- 
iments was planned. These tests have recently been Tiade 
and forir the subject of the present paper. 



TESTS 

.Apparatus and Models 

In figure 3 are shown the shapes tested. These shapes 
are of two types - beveled and elliptical. In the case of 
the beveled flap, the point at which the beveling of the 
flap began was faired into an arc in order to allow smooth 
flow. The portion of the flap extending from the center 
of -his arc to the trailing edge will be referred to here- 
inafter as the "bevel." i^cause the action of the blunt 
trailing edge is in some ways similar to that cf an auto- 
matic balancing tab (see fig. 3), the beveled shapes were 
designed to app v ox imate the outline of such tabs in the 
balancing position. The 20-percent bevel corresponds to a 
20-percent c : * tab deflected 10°„ The elliptical shapes 

are of somev;hat similar proportions. A flap having a bulged 
portion near the hinge was also tried. With, the exception 
of the bulged flap, all shapes tested were obtained by in- 
terchanging trailing-edge blocks having these shapes on a 
standard 2-foot-chord by 4-foot-span model of laminated 
mahogany. 



Table I gives the ordinates of the standard section 
(derived from the 3TACA 0009 airfoii by drawing straight 
lines from the &5~percent station hack to the removable 
tail block). The dimensions of the removable tail poitions 
are shown in figure 2 and the ordinates of the bulged flap 
are given in table II. As shown in figure 2 S the flap was 
of the plain unbalanced type , 30 percent of the airfoil chord 
in width. The tests were made with the gap both sealed and 
open, 

The procedure of the test's was similar to that followed 
in reference 1. They were made in the HACA 4-foot by'6~foot 
vertical tunnel; modified as described in reference 2. The 
lift, the drag, and the pitching moments were measured on 
a three-component balance. The hinge moments were measured 
electrically with a calibrated torque rod built into the 
model » 2he model extended completely across the closed 
test section of the tunnel „ so that the flow was very nearly 
two-dimensional. The tests were made at a dynamic pressure 
of 15 pounds per square foot, corresponding to a velocity 
of about 76 miles per hour and a tost Reynolds number, of 
l,430 t 000. The flap Reflection was varied in 5° increments 
from 0° to SO 0 , In some cases chock pojnts at ±2° from 
neutral were obtaiuodo L?ft, drag, airfoil pitching moment, 
and flap hinge moments were measured throughout the anglo- 
of-attack range, from positive to negative stall of the 
airfoil, at 2° intervals of angle of attack. 



Precision 

The maximum error in the angle of attack or in flap 
setting appears to be about *0.2°. An experimentally 
determined correction has been ajjplied to the lift but not 
to the hinge moments. The hinge moments are probably 
slightly higher than would be obtained in free air. It 
should be noted thai; the drag of the basic 0009 airfoil 
is somewhat higher than is obtained in other tests at the 
same Reynolds number. 

RESULTS AMD DISCUSSION 
Symbols 

c l airfoil section lift coefficient (l/qc) 

c<i 0 airfoil section profile-drag coefficient (d 0 /qc) 

c m airfoil section pit ehing-moment coefficient (m/qc s ) 



ch flap section hinge-moment coefficient (h/qc f ) 

cx 0 angle of attack of infinite aspect ratio 

Sf flap angle with respect to airfoil 

I airfoil section lift 

d Q airfoil section profile drag 

m airfoil section pitching moment about quarter-chord 
point of airfoil 

h flap section hinge moment 

c chord of airfoil with flaps neutral 

c f flap chord 

c-^ chord of beveled portion of flap 

Stvjtion data are plotted in figure k. Figures 5 and 
6, cros^piotthi f roir the section data,- show typical varia- 
tions of lift and. hinge moment and illustrate the magnitude 
of the effect ohtaii-iabie with a moderate and with an extremely 
"blunt Ofivel. It will he noted that the redaction in hinge 
moment outweighs the loss in lift and also that the reduction 
in "dcybx Q is greater than the reduction in dc^/oB^, • 

The lift of the airfoil with the control free is therefore 
actually greater f or the blunt trailing edge than for the 
plain flap. The results for the plain flap are taken from 
reference 1, part I. 

The results given for the flap with beveled trailing 
edge are for the gap-sealed condition. The data obtained from 
the tests with the gap op*?n are presented in reference ?. 

Table III summarizes several important characteristics 
of the shapes tested. The values given in the table apply 
to a fairly wide angular range. An idea of the deviations 
from linearity may be obtained by inspection of figure k. 

The results sho*-? an interesting difference in the 
behavior of the elliptical and the beveled trailing edges. 
The bluntest elliptical shape, which was simply a circular 
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rounding, increased the floating tendency and the drag tut 
had no appreciable effect; on d-h/SSf or be \ / 'da,^ <, In 
this case the c-irvature of the surface is so great that 
the f 1 ow apparently xeaves the airtfoil as if the end had 
been cut off square, The increment of drag coefficient in 
this case is approximately 0.0028,, The moderately beveled 
or tapered shapoc, the 0.20 cf and 0.15 Cf bevels, on 

the^ther hand, showed less than 0.0004 increase in drag 
coefficient, indicating faiily complete closure of the flow 
behind the airfoil. This small drag increase, together 
with the regularity of the hinge-moment variation, indicates 
that the balancing action of the moderate shapes does not 
depend on a pronounced separation of flow but on more cr 
less progressive changes in the boundary-layer thickness 
on the two sides cf the bevel. As the angle of the bevel 
becomes steeper, the closure of the flow becomes less com- 
plete and the balancing action becomes more pronounced, 
though so.newhat irregular, ar.d may involve ccaiplete separa- 
tion, on one side or the other t The critical angle in the 
present tests was thai of the 0.13 Of bevel. 

As will be noted in table III, the airfoil pitching 
moments follow the variation that might be expected from the 
hinge moments. In the most extreme case (0.10 c^ bevel), 
the aerodynamic center was shifted 0.051c ahead of the 
cuar fcer-chord point. 

Prom a practical standpoint the most interesting re- 
sults are those obtained with the moderately beveled and 
elliptical shapes (0.15 Cf to 0.20 Cf bevels). Thus 
the 0.23 Cf bevel shows nearly 50-percent reduction in 
Sc^/dOf and more than 50-percent reduction in coh/^ao* 
as compared with the plain flap. The drag increments 
are not so great as those obtained in comparable tests 
(reference 1) of the conventional inset-hinge balance with 
the medium or tapered nose but are greater tha-n those ob- 
tained with the blunt nose balance. Inasmuch as the 
beveled trailing edge is effective in reducing the float- 
ing moment, the lift of the airfoil is greater with the 
control free than w.'.th the plain or the inset-hinge flap. 

It is frequently found that full balance cannot be 
obtained in a satisfactory manner by the use of a single 
device; for e^iaaple, a large degree of balance with the 
inset-hinge type of control surface requires such a long 
overhang that the permissible deflection of the flap is 
limited. The use of a large horn balance introduces 
structural difficulties. It Is helpful, thereforei to 
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have available several independent aesns of reducing hinge 

crasnte, The beveled trailing ci« should be especially 
useful in coinaS.be t ion with other types of balance , because 
it involves no addi t icnal linkagec, Also, it is occasion- 
ally icind desirable to increase the hi'ige moments slightly 
as a fine! adjustment during Slight tests. Such an edjast- 
nsat Eight bs provided by the rddition of a thin r sharp 
ed 30. 

The present tacts are too limited to furnish more 
than very general .information on the effects of t railing- 
edge shape, '.Chus, the variations w:fcb flap chord, Eeynolds 
n*a;nber ; or airfoil section have not "bean explored. In any 
event, if is to be expected that the effect of t rail ing-edge 
shape will \)o graatlj magnified as the ;jhcrd of the flap is 
redveed - a fact thai mei-es it necessary to c-raplov a certain 
aiaount of care in the construction of the trail in? edge. 



CONCLUSIONS 



The bevel ad trailing edge provides a convenient moans 
of reducing the hiurc moments of control surfaces- In the 
present tests, a ntderate bevel on a 30-per cent -chord flap 
produced s 50-percont reduction in the hinge Foment caused 
by a given deflection of the flap. Inis balancing effect 
esctended over a 'vide an.gvla? rengc and shoved a smooth 
variation with angle of attack and with flap deflection. 
The profile-drag coefficient showed an increase of 0.0004. 

Ovrrbalrnc e and reversal of the floating tendency over 
a email argul&r range were obtained when rather blvnt bevels 
were tested. The effect of trail Jag-edge shape is eypected 
to be even nore pronounced as the chord cf the flap is re- 
duced, indicating the necessity for carsfal construction 
of narrow flaps. 



national Advisor-y L , om^i''ttse for Aeronautics, 
Langlcy V.cACi f..al Aeronautical L r . oorpt cry 
Lpnglcy ":ieltt s va, 
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TABLE II 
CRDINAIES OE BULGED FLAP 
[Stations and ordinates in percent airfoil chord] 




Stat i ons 
(from hinge axis) 


Ordinates 


0 


±2,96 


1.94 


±3,38 


4,82 


±3>62 


7.85 


±3.43 


10, 80 


±3.03 


15.25 


±2,37 


19.7 0 


±1,69 


25,15 


±1,02 


30.00 


±0.10 



TABUC III.- SUMMIT OF CHffi*CTEPISECCS OF TRAILING -E3X33S SH-.E5S TESTED 



o 





w 






\ % h =o 




f ^0i 




c _ 
a °min 
(Uncoi -* 
rected) 


Modlf icationa 






(Control 
fired) 


(Control 
free) 






| Plain JZHm==> 


-0 -012 


-0.00b 


0-098 


0,066 


0.57 


0.001 


-0 -010 


0 .0096 


jo. 20c f TDevel^J^^> 


- .007 


-.003 


.092 


.070 


.56 


•033 


- .009 


.0100 


| 0,15cf "be vol ^> 


-.005 


-.001 


.091 


.080 


.56 


.038 


- .008 


.0100 


^| C.13cf bevel^J> 


-.003 


.001 


.090 


.106 




.048 


- .008 


.0105 


j ~oTloT7~Jj^vel^^ 


.000 


.002 


.088 


TTn- 

stable 


.50 


.051 


-.007 


.0110 


^C.20c f elliptical^ 


-.006 


-.003 


.091 


.068 


.50 


.036 


-.008 


.0105 


\ O.iOcf elliptical^) 
( ■ " 


-.011 


-.003 


■099 


.060 




.011 


- .008 


.0118 


( 

/ Semicircular 

V— 


-.012 


-.009 


.101 


-059 


.56 


.002 


-.010 


.0124 




-.010 


-.005 


•095 


.071 


.50 


.016 


-.010 


.0102 




Figure 1.- The effect of flow aroxxnd the trailing eige on the lift 
distribution. 
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Flaps with elliptical trailing edges Flaps with beveled trailing edges 

Figure 2.- Trailing-edge modifications. Dimensions are in percent of airfoil chord. 




Figure 4b.- Trai ling-edge bevel, 0.15cf. 
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Airfoil section pitching-moment 





Figure 5,- Typical variations of lift ajid hinge moment with angle of 
attack. S =0 . 
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Figure 6,- Typical variations of lift and hinge moment with flap 
deflection, a = 0°, 



